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Clinical and Magnetic Resonance Imaging Predictors of Very 
Early Neurological Response to Intravenous Thrombolysis 
in Patients With Middle Cerebral Artery Occlusion 
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Background— The early identification of patients who are unlikely to respond to intravenous recombinant tissue plasminogen 
activator (IV-tPA) could help select candidates for additional intra-arterial therapy or add-on antithrombotic drugs during the acute 
stage of stroke. Given that very early neurological improvement (VENI) is a reliable surrogate of early recanalization, we assessed 
the clinical and magnetic resonance imaging predictors of lack of VENI. 

Methods and Results — We reviewed consecutive ischemic stroke patients with middle cerebral artery occlusion and treated within 
4.5 hours by IV-tPA between 2003 and 2012 in our center, where magnetic resonance imaging is systematically implemented as 
first-line diagnostic workup. Lack of VENI was defined as a <40% decrease in baseline National Institutes of Health Stroke Scale 
(NIHSS) score 1 hour after start of IV-tPA. Poor outcome was defined as a 3-month modified Rankin scale >2. Associations 
between lack of VENI and potential determinants were assessed in logistic regression models. In all, 186 patients were included 
(median baseline NIHSS score, 16; median onset to treatment time, 155 minutes). One hundred forty-three patients (77%) had no 
VENI. The variables significantly associated with lack of VENI in multivariable analysis were baseline NIHSS (OR, 1 .08; 95% CI, 1 .0 1 
to 1.16 per 1-point increase; P=0.03), onset to treatment time >120 minutes (OR, 2.94; 95% CI, 1.31 to 6.63; P=0.009) and 
diffusion weighted imaging— Alberta Stroke Programme Early CT Score <5 (OR, 3.60; 95% CI, 1.14 to 11.35; P=0.03). Patients 
without VENI were more likely to have a modified Rankin Scale >2 than those without VENI (68% versus 24%; OR, 5.01; 95% CI, 
2.12 to 1 1.82) and less likely to have recanalization after 24 hours (OR, 0.41; 95% CI, 0.19 to 0.88). 

Conclusions — Lack of VENI provides an early estimate of 3-month outcome and recanalization after IV-tPA. Baseline NIHSS, onset 
to treatment time, and diffusion weighted imaging — Alberta Stroke Programme Early CT Score could help to predict lack of VENI 
and, in turn, might help early selection of candidates for complementary reperfusion strategies. (J Am Heart Assoc. 2013;2: 
e000511 doi: 10.1 161/JAH A. 1 13.00051 1) 
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Intravenous recombinant tissue plasminogen activator 
(IV-tPA) is currently the most effective treatment of acute 
ischemic stroke.'' 2 Recanalization and subsequent reperfu- 
sion are indeed essential for salvage of the at-risk tissue. 
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However, recanalization is achieved in less than 50% of 
patients treated by IV-tPA only. 3 In addition, even when 
achieved, it is often delayed and accordingly results in no 
clinical benefit. Overall, good outcome (defined as a score on 
the modified Rankin Scale [mRS] <2) is achieved in <40% of 
IV-tPA-treated patients. 4-7 These considerations have 
prompted the development of complementary reperfusion 
strategies, including add-on antithrombotic drugs and intra- 
arterial therapies. 8-11 The recent negative results of the IMS- 
3, SYNTHESIS Expansion, and MR-RESCUE trials have under- 
lined the key importance of appropriately selecting patients 
for intra-arterial therapies.' 2 The identification of patients who 
are unlikely to respond to IV-tPA could help in selecting the 
potentially good candidates for supplementary reperfusion 
strategies as early as possible. 

A few studies have shown that in patients with middle 
cerebral artery (MCA) occlusion, the majority of IV-tPA- 
induced recanalizations occur during the first hour after 
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treatment and that there is also a strong association between 
very early (ie, 1 or 2 hours after treatment initiation) 
neurological improvement (VENI) and recanalization. 13 Thus, 
VENI could be used as a clinical surrogate of early recana- 
lization, and in turn the identification of predictors of lack of 
VENI may help to select patients who should be referred for 
intra-arterial or other additional therapies. However, to date, it 
remains unknown whether initial patient characteristics can 
predict very early neurological outcome. We therefore 
assessed the clinical and magnetic resonance imaging-based 
factors associated with lack of VENI at 1 hour in a cohort of 
consecutive IV-tPA-treated patients with MCA occlusion and 
who had magnetic resonance imaging as first-line diagnostic 
workup. 

Methods 
Population 

We reviewed all consecutive ischemic stroke patients treated 
within 4.5 hours by IV-tPA only (ie, without combined intra- 
arterial therapy) between January 2003 and September 2012 
in our center, where magnetic resonance imaging is system- 
atically implemented as first-line pretherapeutic workup. 
Given the specific purpose of the present study, we selected 
patients who had an MCA (M1 or M2) occlusion documented 
on time-of-flight (TOF) magnetic resonance (MR) angiography 
(regardless of the status of the carotid artery), and a baseline 
National Institutes of Health Stroke Scale (NIHSS) score >4. 
Patients who had baseline computed tomography because of 
contraindications to MR not being included, as presence of an 
MCA occlusion on TOF MR angiography was a selection 
criterion. Decisions to treat by IV-tPA were made by stroke 
neurologists according to current European guidelines, except 
that age was not a contraindication for treatment. Diffusion- 
weighted imaging lesion volume or presence of microbleeds 
on T2* did not influence clinical decision making in our 
practice. The therapeutic window was extended to 4.5 hours 
in 2008. 5,6 Treatment was initiated at a dose of 0.9 mg/kg 
(maximum, 90 mg). Neither heparin nor antiplatelet medica- 
tions were given within the first 24 hours after IV-tPA. 

Data Collection 

Using a standardized medical chart, we routinely and 
prospectively collected baseline NIHSS score, onset to 
treatment time, glucose level, systolic and diastolic blood 
pressure before and during IV-tPA treatment, weight, current 
smoking (>2 cigarettes a day), history of hypertension 
(systolic blood pressure >140 mm Hg or diastolic blood 
pressure >90 mm Hg or antihypertensive medication), diabe- 
tes mellitus (fasting glucose > 1 26 mg/dL or antidiabetic 



treatment), history of atrial fibrillation, past vascular diseases, 
concomitant drugs, and preexisting handicap (mRS). During 
fibrinolysis, blood pressure was monitored every 15 minutes 
for the first hour, then every hour during the first 24 hours. 
Follow-up NIHSS scores were assessed after 1 hour (end of 
the infusion), 24 hours, and 7 days. The 3-month mRS was 
assessed by a stroke neurologist either during a face-to-face 
visit or by phone interview, using the simplified version. 14 ' 15 
We defined poor outcome as mRS >2. 

Imaging 

Pretreatment imaging data was recorded. Magnetic reso- 
nance imaging was performed on a 1.5-Tesla scanner 
(SignaEchoSpeed, GE Healthcare) and included a diffusion- 
weighted imaging sequence (3 directions, b=1000 s/mm 2 ), 
FLAIR, T2*, and 3D TOF MR angiography. Acquisition time 
ranged between 7 and 10 minutes. Arterial occlusion was 
evaluated on TOF sequence. Diffusion weighted imaging — 
Alberta Stroke Programme Early CT Score (DWI-ASPECTS) 
was scored on pretreatment imaging and dichotomized into 
>5 versus <5. 16-19 However, because there is a controversy 
over the best DWI-ASPECTS threshold to predict clinical 
outcome, we performed additional analyses using a cutoff of 
<7. 20 Arterial recanalization was assessed on TOF MR angiog- 
raphy or angio-computed tomography scheduled around 
24 hours after treatment, according to the Thrombolysis In 
Cerebral Infarction (TICI) criteria, and dichotomized into 
recanalized (TICI 2 to 3) or not recanalized (TICI 0 to 1). 21 

Outcomes 

For primary analyses, we defined lack of VENI as a <40% 
decrease in baseline NIHSS score after IV-tPA, based on a 
study showing that a >40% reduction in NIHSS score at 
1 hour offered the best cutoff to predict early MCA recana- 
lization. 13 We also performed sensitivity analyses using 
alternative definitions of lack of VENI proposed in 
the literature: (1) improvement <20% from baseline 22 ; 

(2) improvement <4 points from baseline and NIHSS >1 23 ; 

(3) improvement <5 points from baseline and NIHSS >1 24 ; 
and (4) improvement <8 from baseline and NIHSS >1. 22-24 At 
24 hours, we defined dramatic recovery as NIHSS 0 or 1 or 
improvement >10 from baseline. 25 

Statistical Analysis 

Continuous variables were expressed as meanistandard 
deviation (SD) or median (interquartile range [IQR]) and 
categorical variables as percentages. Continuous variables 
were compared using the f test or Mann-Whitney U test, as 
appropriate. Categorical variables were compared using the 
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Pearson chi-square test or Fisher's exact test, as appropriate. 
Associations between lack of VENI, 3-month outcome, 
recanalization, and potential pretherapeutic determinants 
were assessed by calculations of crude and adjusted odds 
ratios (ORs) in logistic regression models. Variables associ- 
ated with VENI at a level of P<0.20 in univariable analysis 
were included into the multivariable logistic model. Statistical 
significance was set at P<0.05. Statistical analysis was 
performed using SAS 9.3. 

Ethics Statement 

In accordance with French legislation, the study did not need 
approval by an institutional or ethics committee because it 
implied only retrospective analysis of anonymized data 
collected prospectively as part of routine clinical care. 
Because IV-tPA is part of routine care of acute stroke 
patients, written informed consent from patients was not 
deemed necessary. 



Results 

During the study period, a total of 293 patients were treated 
with IV-tPA within 4.5 hours of symptom onset, without 
additional endovascular therapy. We excluded 107 patients 
(median baseline NIHSS score, 9 [IQR, 6 to 14]) for the 
following reasons: NIHSS <4 (n=5), computed tomography as 
pretherapeutic imaging (n=25), vertebrobasilar strokes 
(n=25), isolated anterior cerebral artery stroke (n=4), and 
MCA stroke with no visible M1 or M2 occlusion on TOF MR 
angiography (n=48), leaving 186 patients for the analyses. 
The baseline characteristics of the population are shown in 
Table 1. The median baseline NIHSS score was 16 (IQR, 1 1 to 
20). The median (IQR) onset to treatment time (OTT) was 
155 minutes (IQR, 120 to 195); 40 patients (22%) were 
treated within 120 minutes. Occlusion was on M1 in 95 
patients (51%) and on M2 in 39 patients (21%), and 52 (28%) 
had an internal carotid occlusion (including 45 patients with 
tandem internal carotid artery-MCA occlusion). 

One hour after IV-tPA infusion, the median NIHSS score 
was 13 (IQR, 6 to 19) (Table 1). Recanalization was assessed 
at a median time of 24 hours (IQR, 20 to 29 hours) after 
treatment and was available in 167 patients (160 on TOF MR 
angiography and 7 on angio-CT). Three-month mRS was 
available in 177 patients (Figure). 

The proportion of patients with lack of VENI was 77% 
(n=143) according to our primary definition and ranged from 
64% to 87% according to alternative definitions (Table 2). At 
24 hours, the median NIHSS score was 3 (1 to 7) in patients 
with and 15 (7 to 20) in those without VENI (PO.0001), and 
dramatic recovery occurred more often in patients with than 



in patients without VENI (67% versus 16%, PO.0001; Figure). 
Patients without VENI were more likely to have a mRS >2 
than those without VENI (68% versus 24%; OR, 6.55; 95% CI, 
3.03 to 14.12; PO.0001). This association remained strong 
after adjustment for OTT and baseline NIHSS (OR, 5.01; 95% 
CI, 2.12 to 1 1.82; C-statistic, 0.84). The association between 
lack of VENI and 3-month poor outcome was highly 
consistent across the alternative definitions of VENI (Table 2). 
Among the 13 patients with a 3-month mRS >2 despite VENI, 
1 died on the third day from heart failure, 3 had symptomatic 
hemorrhagic transformation within 36 hours after IV-tPA (1 
died), 1 had recurrent ischemic stroke 2 months later, 5 had 
secondary neurological worsening within 36 hours, and 3 had 
residual severe neurological deficit after 1 hour or infarct in 
strategic areas. NIHSS >10 at 1 hour was associated with a 
poor prognosis at 3 months (OR, 6.75; 95% CI, 3.45 to 13.19; 
P<0.0001). However, among patients with VENI, only 2 still 
had NIHSS >10 at 1 hour (both having a baseline NIHSS 
>20). 

Patients without VENI were less likely to have 24-hour 
recanalization than those without VENI (44% [57 of 149] 
versus 66% [25 of 38]; OR, 0.41; 95% CI, 0.19 to 0.88; 
P=0.02). 

The univariable relationships between clinical and radiolog- 
ical variables and lack of VENI are shown in Table 1. Baseline 
NIHSS score (OR, 1.08; 95% CI, 1.02 to 1.15 per 1-point 
increase; P=0.01), OTT > 120 minutes (OR, 3.41; 95% CI, 1.60 
to 7.27; P=0.001), and DWI-ASPECTS score <5 (OR, 4.62; 95% 
CI, 1.56 to 13.72; P=0.003) were significantly associated with 
lack of VENI. In multivariable analysis, lack of VENI was 
independently associated with baseline NIHSS (OR, 1.08; 95% 
CI, 1.01 to 1.16 per 1-point increase; P=0.03), OTT>120 min- 
utes (OR, 2.94; 95% CI, 1.31 to 6.63; P=0.009), DWI-ASPECTS 
<5 (OR, 3.60; 95% CI, 1.14 to 1 1.35; P=0.03) after adjusting 
for site of occlusion and current smoking (c-statistic, 0.74). In 
an alternative model using the <7 DWI-ASPECTS cutoff, the 
adjusted OR for DWI-ASPECTS was 2.54 (95% CI, 1.16 to 
5.57). Using other definitions of lack of VENI, the results were 
similar except for NIHSS, where the association disappeared 
or was inverted when VENI was defined as an absolute change 
in NIHSS score instead of a relative decrease (Table 3). 

Discussion 

We have shown that, irrespective of the definition of VENI, 
more than two thirds of patients with MCA occlusion on TOF 
MR angiography had no VENI 1 hour after start of IV-tPA 
infusion. Lack of VENI was strongly associated with lack of 
improvement at 24 hours and poor outcome at 3 months. In 
this population of patients with MCA occlusion, only baseline 
NIHSS, OTT, and DWI-ASPECTS were significantly associated 
with lack of VENI. 
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Table 1. Characteristics of the Population and Relationships With Lack of Very Early Neurological Improvement at 1 Hour 



Characteristic 


All Patients (n=186) 


Lack of VENI (n=143) 


VENI (n=43) 


OR (95% CI) 


P Value 


Patient history 


Age, mean±SD, y 


67.4±16.2 


67.6±15.4 


66.8±18.8 


1.03 (0.84 to 1.27)* 


0.78 


>80 


39 (21) 


29 (20) 


10 (23) 


0.85 (0.34 to 2.14) 


0.91 


65 to 79 


81 (44) 


63 (44) 


18 (42) 


1.03 (0.47 to 2.24) 


<65 


66 (35) 


51 (36) 


15 (35) 


1.00 


Male sex 


98 (53) 


72 (50) 


26 (60) 


0.66 (0.33 to 1 .33) 


0.24 


Hypertension 


102 (55) 


77 (54) 


25 (58) 


0.84 (0.42 to 1 .67) 


0.62 


Diabetes mellitus 


22 (12) 


16(11) 


6(14) 


0.78 (0.28 to 2.13) 


0.62 


Current smoking 


35 (19) 


23 (16) 


12 (28) 


0.49 (0.22 to 1.10) 


0.08 


Atrial fibrillation 


55 (30) 


42 (29) 


13 (30) 


0.96 (0.46 to 2.02) 


0.91 


History of antiplatelet use 


53 (29) 


40 (28) 


13 (30) 


0.90 (0.43 to 1.91) 


0.79 


History of statin use 


58 (31) 


45 (32) 


13 (30) 


1.07 (0.51 to 2.24) 


0.86 


Prestroke mRS >1 


8(4) 


7(5) 


1 (2) 


2.16 (0.26 to 18.08) 


0.46 


Pretreatment characteristics 


NIHSS, median (IQR) 


16(11 to 20) 


17 (12 to 21) 


12 (9 to 18) 


1.08 (1.02 to 1.1 5? 


0.01 


>15 


102 (55) 


85 (59) 


17 (17) 


2.41 (1 .04 to 5.59) 


0.07 


10 to 15 


44 (24) 


31 (22) 


13 (30) 


1.15 (0.45 to 2.90) 


<10 


40 (21) 


27 (19) 


13 (33) 


1.00 


OTT, median (IQR), min 


155 (120 to 195) 


160 (132 to 198) 


130 (100 to 175) 


1.05 (0.99 to 1.11)* 


0.10 


OH, min 




>120 


146 (78) 


120 (84) 


26 (60) 


3.41 (1.60 to 7.27) 


0.001 


<120 


40 (22) 


23 (16) 


17 (40) 


1.00 


>180 


66 (35) 


56 (39) 


10 (23) 


4.48 (1.02 to 19.62) 


0.01 to 0.003" 


121 to 180 


80 (43) 


64 (45) 


16 (37) 


3.20 (0.77 to 13.30) 


90 to 120 


31 (17) 


18 (13) 


13 (30) 


1.11 (0.25 to 4.94) 


<90 


9(5) 


5(3) 


4(1) 


1.00 


Blood pressure 




Systolic BP, mean±SD, mm Hg 


152.9±23.2 


153.5±23.9 


150.7±21.1 


1.06 (0.91 to 1.23) § 


0.48 


Diastolic BP, mean±SD, mm Hg 


83.0±16.4 


83.0±17.0 


83.1±14.6 


0.99 (0.81 to 1.23) § 


0.96 


Serum glucose, mean±SD, mmol/L 


6.8±2.2 


6.9±2.2 


6.5±2.3 


1.10 (0.92 to 1.31) 1 


0.31 


>8 


28 (15) 


24 (17) 


4(9) 


1.97 (0.64 to 6.02) 


0.23 


<8 


158 (85) 


119 (83) 


39 (91) 


1.00 


Site of occlusion 




Internal carotid artery 


52 (28) 


42 (29) 


10 (23) 


1.08 (0.38 to 3.06) 


0.57 


M1 segment 


95 (51) 


70 (49) 


25 (58) 


0.72 (0.29 to 1.78) 


M2 segment 


39 (21) 


31 (22) 


8(19) 


1.00 


Imaging 


DWI-ASPECTS, median (IQR) 


7 (5 to 8) 


7 (5 to 8) 


8 (7 to 9) 


1.38 (1.12 to 1.70) t 


0.003 


DWI-ASPECTS 




<5 


50 (27) 


46 (32) 


4(9) 


4.62 (1.56 to 13.72) 


0.003 


>5 


136 (73) 


97 (68) 


39 (91) 


1.00 


<7 


120 (65) 


100 (70 


20 (47) 


2.67 (1.33 to 5.37) 


0.005 


>7 


66 (35) 


43 (30) 


23 (53) 


1.00 



Values are numbers unless otherwise indicated. BP indicates blood pressure; CI, confidence interval; DWI-ASPECTS, diffusion weighted imaging — Alberta Stroke Programme Early CT 
Score; IQR, interquartile range; mRS, modified Rankin Scale; OR, odds ratio; OTT, onset to treatment; SD, standard deviation; VENI, very early clinical improvement. 
*Per 10-year increase. ^Per 1 -point increase. ^Per 10-minute increase. 5 Per 10 mm Hg increase. ^Per 1 mmol/L increase, "p for trend. 



DOI: 10.1 161/JAHA.1 13.000511 



Journal of the American Heart Association 



4 



Lack of Very Early Neurological Response to IV-tPA Apoil et al 



All patients 

n=186 



Lack of VENI 

n=143 



VENI 

n=43 



No DR 

n=120 



DR 

n=23 



> 5 missing 



1 missing < 



mRS>2 

n=98/115 



mRS<2 

n=17/115 



No DR 

n=14 



mRS>2 

n=6 122 



mRS<2 

n=16/2 



DR 

n=29 



^ 1 missing 2 missing < 



mRS>2 

n=8 /13 



mRS<2 

n=5/13 



mRS>2 

n=5/27 



mRS<2 

n=22/27 



Figure. Patterns of clinical evolution at 1 hour, 24 hours, and 3 months after intravenous thrombolysis. DR indicates dramatic recovery (NIHSS 
0 or 1, or improvement >10 points from baseline); NIHSS, National Institutes of Health Stroke Scale score; mRS, modified Rankin Scale; VENI, 
very early clinical improvement (>40% reduction in baseline NIHSS score). 



The proportion of patients with lack of VENI after IV-tPA is 
currently uncertain because of the small number of dedicated 
studies and of the heterogeneity in the definitions used. 
However, the proportion found in our population (77%) was 
similar to that observed in the few previous studies focusing 
on lack of VENI 1 or 2 hours after IV-tPA infusion (ranging 
from 62% to 88%). 23 ~ 27 Like others, we showed that lack of 
VENI was independently associated with 3-month poor 
outcome. 24 The positive predictive value of lack of VENI to 
predict 3-month poor outcome was 76% in our population, 
making it a potentially interesting prognostic marker. How- 
ever, 24% of patients had a good 3-month outcome despite 
lack of VENI, which might be explained by low baseline NIHSS 
score, delayed recanalization rescuing persistent penumbra, 
or delayed neurological improvement despite early recanali- 
zation ("stunning of the brain"). 23 In addition, 32% of patients 
had a poor 3-month outcome despite VENI, in line with a 
previous study. 26 As a matter of fact, the majority of patients 
with VENI and poor 3-month outcome had either a delayed 
complication (hemorrhagic transformation, stroke recurrence, 



or extraneurological complications) or a persistent severe or 
strategic neurological deficit despite VENI (ie, mainly patients 
with very high NIHSS at admission). 

There is currently no consensual definition of VENI, as various 
absolute or relative reductions in baseline NIHSS 1, 2, or 
24 hours after IV-tPA have been used across studies. 13 ' 22 ' 24 ' ,27 
Although some patients without 1-hour clinical improvement 
may improve later, 1 hour is probably a good time to assess early 
neurological response because it is compatible with decision 
making at the hyperacute stage. 13 Unlike relative reductions, 
absolute reductions in NIHSS score have been found to have a 
different sensitivity for predicting recanalization between low- 
and high-baseline NIHSS score patients. 13 Thus, absolute 
reductions in NIHSS are potentially less accurate than relative 
reductions to predict early response after IV-tPA. In line with 
these results, we observed that the direction of the association 
between baseline NIHSS score and VENI varied depending on the 
definition of VENI, namely, absolute or relative reduction in 
NIHSS (Table 3). This apparent paradox is explained by the fact 
that the higher the baseline NIHSS score is, the easier it is to 



Table 2. Association Between Lack of VENI and 3-Month Outcome According to Different Definitions of VENI 



Definition of Lack of VENI 


OR (95% CI) for 3-Month mRS >2 


P Value 


OR (95% CI) for 3-Month mRS >3 


P Value 


Improvement <40% from baseline NIHSS (n=143, 77%) 


6.54 (3.03 to 14.12) 


<0.0001 


4.76 (2.16 to 10.47) 


<0.0001 


<20% From baseline NIHSS (n=119, 64%) 


8.64 (4.25 to 17.55) 


<0.0001 


4.86 (2.50 to 9.44) 


<0.0001 


Improvement <4 points from baseline and NIHSS >1 (n=1 30, 70%) 


4.89 (2.44 to 9.76) 


<0.0001 


3.28 (1.67 to 6.45) 


<0.0004 


Improvement <5 points from baseline and NIHSS >1 (n=143, 77%) 


4.53 (2.14 to 9.58) 


<0.0001 


3.86 (1.79 to 8.35) 


0.0003 


Improvement <8 points from baseline and NIHSS >1 (n=1 62, 87%) 


4.15 (1.63 to 10.56) 


0.002 


3.64 (1.36 to 9.72) 


0.007 



CI indicates confidence interval; mRS, modified Rankin Scale; OR, odds ratio; VENI, very early clinical improvement. 
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Table 3. Factors Associated With Lack of 1-Hour VENI (Adjusted OR With 95% CI) 



Definition of Lack of VENI 


NIHSS at Baseline* 


P Value 


OTT >120 Minutes 


P Value 


DWI-ASPECT <5 


P Value 


<40% From baseline NIHSS 


1.08 (1.01 to 1.16) 


0.003 


2.94 (1.31 to 6.63) 


0.009 


3.60 (1.14 to 11.35) 


0.03 


<20% From baseline NIHSS 


1.09 (1.02 to 1.16) 


0.008 


2.17 (0.99 to 4.73) 


0.05 


3.47 (1.37 to 8.75) 


0.008 


Improvement <4 points from baseline and NIHSS >1 


0.98 (0.92 to 1.04) 


0.50 


3.18 (1.46 to 6.92) 


0.003 


3.59 (1.40 to 9.19) 


0.008 


Improvement <5 points from baseline and NIHSS >1 


0.91 (0.83 to 0.99) 


0.03 


4.01 (1.52 to 10.56) 


0.005 


5.18 (1.10 to 22.44) 


0.04 


Improvement <8 points from baseline and NIHSS >1 


0.96 (0.90 to 1.03) 


0.27 


3.86 (1.72 to 8.68) 


0.001 


3.37 (1.16 to 9.78) 


0.02 



Adjusted for baseline NIHSS, OTT, DWI-ASPECTS, site of occlusion, and current smoking. CI indicates confidence interval; DWI-ASPECTS, diffusion weighted imaging — Alberta Stroke 
Programme Early CT Score; OR, odds ratio; OTT, onset to treatment; VENI, very early clinical improvement. 
*OR given for 1-point increase. 



reach an absolute 4- or 5-point reduction, without necessarily 
reaching the specified relative reduction threshold. However, 
this is not true when higher thresholds are required. 

Unlike others, we found a significant association between 
OTT and lack of VENI. 24 ' 26 However, our results are consistent 
with an increased efficiency of IV-tPA toward recent (ie, less 
organized) thrombi. Furthermore, although longer OTT is 
strongly associated with larger ischemic lesions, the associ- 
ation between OTT and lack of VENI remained after adjust- 
ment for DWI-ASPECTS. We also find that DWI-ASPECTS <5 or 
<7 is associated with lack of VENI in multivariable analysis, 
consistent with studies reporting that DWI-ASPECTS <7 is an 
independent predictor of 24-hour neurological improvement in 
patients with MCA occlusion. 28 

Lack of VENI is a very straightforward and cost-free 
assessment that, combined with arterial status evaluation, 
could potentially be used to screen patients for randomized 
trials comparing bridging therapy with IV-tPA alone. However, 
VENI depends not only on the thrombolytic action of IV-tPA, 
which itself depends not only on thrombus burden, but also 
on the ability of the brain to recover after recanalization, 
which depends on the amount of salvageable tissue. In 
practice, it would be even more useful if patients unlikely to 
have VENI could be identified before treatment decision. 
Along this line, the present study identified 3 easily available 
factors that might help in identifying patients who will not 
rapidly improve. However, it is clear that these factors are 
still insufficient to categorize individual patients accurately. 
Additional factors such as thrombus burden and composition, 
collateral circulation, and extent of penumbral tissue may 
have significance in adding value to predict early response to 
IV-tPA. 29 In addition to the potential use of predicting lack of 
VENI for trials of bridging therapy, our data also could 
suggest that lack of VENI might help the clinician to quickly 
estimate the patient's long-term prognosis after IV-tPA 
treatment. 

The present study has several potential limitations. First, 
the single-center design may weaken the generalizability of 
our results. However, the patients' baseline characteristics 



were similar to those of previous studies in patients with MCA 
stroke treated by IV-tPA. 24,26,28 Second, our sample size was 
modest, and we may have lacked statistical power to show 
associations between some baseline variables and lack of 
VENI (especially sex and current smoking). Furthermore, many 
of our analyses lacked precision, with wide confidence 
intervals for the odds ratios. Third, MCA occlusion was 
mostly assessed using TOF magnetic resonance angiography, 
which may have led to misclassifying high-grade MCA 
stenosis as occlusion. However, a susceptibility vessel sign 
on T2*, confirming the existence of a thrombus, was present 
in about 80% patients in our population, as we previously 
reported. 29 Fourth, the arterial status was assessed 24 hours 
after IV-tPA infusion, and we therefore were unable to assess 
whether VENI is associated with recanalization within the first 
2 hours. 13 It is possible that some patients without VENI had 
late recanalization, which could be observed after 24 hours, 
without clinical significance. Despite this limitation, we found 
an association between VENI after 1 hour and recanalization 
assessed after 24 hours. Fifth, VENI remains an imperfect 
surrogate of early recanalization. Baseline NIHSS is strongly 
correlated with brain infarct extent, and patients with high 
NIHSS are less likely to recover completely even though they 
recanalize. Conversely, <30% of patients with VENI still have 
MCA occlusion despite persistent occlusion, potentially 
because they have good collateral blood supply. However, in 
our study among patients with VENI, only 2 still had NIHSS 
>10 one hour after thrombolysis. Finally, the extent of 
ischemic penumbra, which could be an important determinant 
of lack of VENI, was not assessed in this study. 
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